INTRODUCTION
Field studies of wild avian species often require the determination of their sex via morphological measurements. However, morphological sex determination is often difficult in sexually monomorphic species. Traditional methods for determining sex in such species involve discriminant function analyses (DFA) based on measurements of large number of samples from the field (Desrochers 1990 , Wilson 1999 , Delestrade 2001 , Zenatello and Kiss 2005 or from a mixture of field and museum sources (Bond et al. 1991 , Berlin et al. 2001 ).
In the black-billed magpie, a species displaying sexual monomorphism for most physical characteristics and only slight size dimorphism (males are larger than females by 10%; Birkhead 1991), there is considerable overlap between females and males in almost all morphological measurements for adults and juveniles (Birkhead 1991) . For this reason, sex determination in the field is difficult in the absence of behavioral cues or noticeable size differences in breeding pairs (Birkhead 1991) .
Previous studies of sex identification based on morphological characters in magpies have primarily been conducted on the American black-billed magpie (Pica hudsonia, formerly Pica pica hudsonia, Reese and Kadlec 1982, Charf 1987) , whose morphological characters are slightly different from other subspecies of the nominate species of Pica (i.e. P. pica). Black-billed magpies of the species found in Korea, China and Japan (P. pica sericea) are slightly larger than American magpies, and have shorter black tips on the primary feathers than American and European magpies (Birkhead 1991 , Goodwin 1986 . However, there have been no quantitative analyses to date on the morphological traits of black-billed magpies in Korea, which makes it difficult to conduct field studies that require information on the sex of the individuals. We quantified sexual size dimorphism and developed statistical tools for sex determination in black-billed magpies in Korea based on multiple morphological characters. Sex determination based on morphological traits is less time-consuming and costly than molecular sexing (e.g. Griffiths et al. 1998) , and is useful in cases where taking blood samples is not feasible. We provide separate discriminant equations for young and adult birds to permit more reliable sex determination according to the age class of the individuals. ABSTRACT: Statistical tools for determining sex in the sexually monomorphic black-billed magpie based on morphological characters have been developed based on studies of European and North American populations. However, since no morphological method has been developed for black-billed magpies in Korea, it has been difficult to conduct field studies that require information about the sex of individuals. We present two discriminant equations for determining sex of second-year (SY) and after-second-year (ASY) magpies in north-and midwestern part of South Korea. Based on morphological measurements on 105 SY (56 females, 49 males) and 72 ASY (36 females, 36 males) individuals, we found body mass, wing chord, and head length to be the most useful features for morphological sex determination. The accuracy of our method was 86.5% for SYs and 93.1% for ASYs, which is similar to values reported previously from American and European magpies. Since the equations contain morphological traits which are only minimally susceptible to seasonal variation and measurement errors, our discriminant equations should be both useful and robust for sex determination on black-billed magpies in the northern and mid-western regions of South Korea.
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MATERIALS & METHODS
We collected and measured 151 dead magpies from 4 cities and towns in the northern and central regions (Cheolwon, Chonnan, Chungju, Cheongyang) of western South Korea. Birds were shot either by KEPCO (Korea Electric Power Corporation) workers or by local hunters between late February and early April of 2000, 2003 and 2004 . In Korea, magpies often build their nests on electricity pylons and cause short-circuits, and it is legal to shoot magpies during the nest-building phase of the breeding season. The magpie corpses were individually packed immediately after collection and stored at -20 for three to four months until measurements could be taken.
Morphological traits used in this study included (i) Skeletal measures: lengths of tarsus, ulna, sternum keel and head, lengths and widths of bill (both from the base and from the distal edge of the nostril) and skull; (ii) Feather measures: lengths of wing chord (flattened), 10 th primary, tail, black tip of the longest primary feather; (iii) Others: Body mass and skull volume.
All of the skeletal and feather measurements were conducted with Vernier calipers to the nearest 0.01 mm. Body mass was measured with a digital balance to the nearest 0.01g. Skull volume was calculated as 'skull length × skull width 2 × ' (cm 3 ). Skull length was calculated by subtracting bill length from base from head length. Individuals were classified into SY (birds in their second calendar year) or ASY (older birds in their third or more years) based on the length of black tip of the longest primary (Erpino 1968 , Birkhead 1991 and the degree of color degradation of black tips on primary featners (Svensson 1992) . Individuals with black tips longer than 20.0 mm were categorized as SY, and this corresponded to the categorization based on the degree of feather wear and color degradation because of the lack of molting in SY birds. Our dataset was comprised of 105 SYs (56 females, 49 males) and 72 ASYs (36 females, 36 males). Sex was determined by checking for the existence of testes or ovaries. Body masses of females with highly developed follicles or eggs in their bodies were excluded from the analyses.
Discriminant Function Analyses (DFAs) with forward variable selection were conducted with Statistica ver. 6 (Statsoft 2001) on SY and ASY birds separately. With forward variable selection, the initial F-to-enter value was set at 3.0. For each session of DFA, we first tested the heterogeneity of within-covariance matrices. As the results of these tests were not statistically significant, pooled covariance matrices were used throughout the DFA procedures (Morrison 1976) .
RESULTS
Sex differences in morphological traits are shown in Table 1 . For most traits, males were significantly larger than females, regardless of age class. Except for the length of black tip of the 7 th primary, which was used as an age marker, pectoral muscle depth was the only character for which the sex difference was not significant. Interestingly, male and female tail lengths were significantly different only in ASYs. Based on these findings, sexual size dimorphism in magpies seems to be established as early as the second year (or even before) in all features except for tail length.
Results of Stepwise Discriminant Function Analyses
For both SY and ASY birds, body mass, wing chord, and head length were selected as the key characters for morphological sex determination. The degree of sexual size dimorphism, calculated as the difference in mean values divided by the measurements of females, was 13.12% and 14.85% for body mass, 3.57% and 3.98% for wing chord, and 1.55% and 1.44% for head length in SYs and ASYs respectively (frequency distributions of these variables are depicted in Fig. 1 ). Although the same characters were selected in the discriminant equations for sexing SY and ASY birds, the order of steps in which the variables were added was different ( Table 2) .
The accuracy of the discriminant equation was 86.5% (7 individuals from each sex were misclassified) in SY birds, and 93.1% (2 females and 3 males were misclassified) in ASY birds. Therefore, the accuracy of morphological sex determination was lower in SYs than in ASYs. This is undoubtedly due to greater overlap between females and males in SYs than in ASYs in most of the morphological traits (noted as lower absolute t-values in Table 1 ). The discriminant equations were as follows:
for SY birds, 
DISCUSSION
Although the same sets of morphological traits can be used for sex determination in SY and ASY individuals and the level of
